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OBSERVATIONS on GU N-P O W D E R. By the 
Honourable GEORGE NAPIER, M.R.I.A. Communicated 
hy the Earl of CHARLEMONT, RR.LA. 



February i, 1788. 
My Lord, 

X N compliance with your requcft, I fend you the following Read oa. 
obfervations on gun-powder, deduced from a feries of expcri- ^5>'788. 
ments, in the conduding of which I was ably afiifled when 
fuperintending the Royal Laboratory at Woolwich. 

As I do not mean to fatigue your lordfhip's attention by an 
elaborate pyrotechnical effay, I fhall confine myfelf to fuch fadls 
as appeared new or interefting in the courfe of my inveftigation j 
only introducing thofe parts of the common procefs which may 
tend to elucidate an experiment, or ferve to eftablifh the expe- 
diency of an alteration : To effed this with fome degree of accu- 
racy, I ihall arrange my remarks under the following heads : 

O First. 
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First. The feledlon of the materials which compofe gun- 
powder. 

Secondly. The ftrongeft and mofl; durable proportion of thofe 
materials. 

Thirdly. The beft mode of intermixing and combining 
them. 

Lastly, I fhall add fome general obfervations. 

The qualities of nitre are not cafily afcertained by thofe rules 
which chymifts have prefcribed for determining its purity ; their 
deviations are frequent and fometimes material in the compofition 
of gun-powder, whofe bafis this fait conftitutes. The method I 
have generally adopted for deteding the impurity of nitre, is to 
drop a ftrong folution of Sacch. Sat. into a phial of diflilled 
water, faturated with falt-prtre ; which, if it retained any con- 
fiderable portion of marine fait or magnefia, alTumcd a turbid 
milky appearance : The lunar folution is too powerful a left for 
any nitre I have met with : But it does not always follow that 
the purefl nitre produces the ftrongeft powder : The beft I have 
feen is the Ruffian, yet the manufadurers in that country are not 
very folicitous about the magnitude of the cryftals, the white- 
nefs of the fait, nor even its freedom from heterogeneous fubftances, 
though with us thofe qualities are accounted cftential. In RulTia 
I am. informed they feJdom refine their nitre more than twice j 
and having analyzed fome very excellent Ruffian powder, I found 
the falt-petre contained a confiderable portion of marine fait and 

magnefia. 
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magnefia. It is difficult to account for this phenomenon, as ma- 
rine fait both impedes the ignition and IcfTens tlje explofion of 
gun-powder; and I believe it may be deinonilrated that magncfian 
or calcareous nitre produces at leafl the laft of thofe efFe€ls, if we 
confider the faintncfs of its own detonation, when it has any ; 
and that deliquefcent quality, which mufl comauunicate a degree 
of humidity to the compolition, inim.ical to a forcible explofion ; 
and (what is in my opinion of much greater confequence) which 
rauft be noxious in the extreme to the durability of gun-powder : 
I have reafon to believe (as far as my experience can eftablifli the 
fad) that powder made with falt-petre, oftener than four times 
refined, is of inferior flrength, though probably more durable, 
than that which has been only thrice depurated : If the elaflic 
and expanfive fluid contained in nitre partakes at all of a fpi- 
rituous nature, may not repeated evaporation liberate a portion of 
it? Stahl afferts, that the nitrous acid is a combination of the 
vitriolic acid with the principle of inflammability, efleded by the 
agency of putrefaction ; and Pietch of the Berlin Academy feems 
to prove this theory by his experiment of molftening a calcareous 
ftone with vitriolic acid and urine, which being expofed for fome 
time to the adion of the atmofphere, was found ftrongly impreg- 
nated with nitre. If the aforefaid experiment be accurate, wc 
mufl admit that falt-petre is a compound fubftance ; and it may 
not be a very improbable dedudion to fuppofe that repeated 
clixation in part deprives this fait of that elaftic fluid which con- 
ftitutes the flrength of gun-powder : And this opinion is ftrongly 
corroborated by two well-known fads j firft, in purifying a large 
quantity of nitre there is a diftind deficiency of weight after the 
proccfs, which cannot be accounted for by the weight of the 

O a refiduumj 
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refiduum -, and fecondly, as great a proportion of falt-petre can- 
not be extraded from damaged powder as is obtained from fervice- 
able, though originally manufadured with the fame quantum of 
nitre : Perhaps, in this Ruffian powder, the noxious qualities of 
the magnefia and marine fait were fufficiently counteradcd by the 
native excellence of the nitre, aided by fome unknown fuperiority 
in their method of combining and incorporating the materials. 

In the choice of filt-petre I fhould prefer that whofe cryftals 
are of a moderate fize, folid, tranfparently white, which do not 
readily break with a crackling noife when gently grafped in the 
hand, and which when ignited on a red hot fhovel do not decre- 
pitate, but melt and confume with an equable and continued 
inflammation : The firft of thofe fymptoms is produced by hafty 
and imperfed deficcation, and the laft is a proof that the marine 
fait has not been entirely feparated from the nitre : I muft obferve 
that however carefully the procefs of deficcation is performed, the 
cryftals will retain a certain portion of humidity (befides their 
eflential waters) which when rarefied by the heat of the hand 
produces a crackling noife j this proof of the quality of nitre 
muft therefore depend on the degree of decrepitation. It may be 
afked, why take fuch pains to avoid moifture in nitre, when its 
combination with the other materials of gun-powder is efFeded 
by water ? I anfwer, it is this particular fpecies of moifture I 
objed to, known to falt-petre refiners by the name of mother- 
waters, which taken up in the ad of cryftallization is replete 
with a greafy magnefia and common fait. If the powder-maker 
refines his nitre himfelf, I advifc him to boil it thrice, carefully 
flcimming off the foeculent matter which floats on the furface, 

and 
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and abftrading the marine fait, which being cryftaliizeo. \:j eva- 
poration during the procefs, falls to the bottom ; let him filter it 
through canvas made in the form of a jelly-bag, leaving it to 
cryftaUize (after each elixation) in leaden or copper vefTels, ex- 
pofed to a free circulation of air in a dry fituation, and not in a 
cold cellar, which is frequently, though erroneoufly, pradifed, 
with this palpable difadvantage, that fudden refrigeration forming 
the nitrous cryftals before all the common fait has been preci- 
pitated, a part of it enters into their compofition ; they are alfa 
of a lefs fize, and not fo compad as when the folution is gradually 
cooled. It is cuftomary with powder-makers to prefer the cakes 
depofitcd towards the bottom of the pans in which the folution of 
falt-petre is fet to cryftallize ; thefe are formed by a congeries of 
minute cryftals, and are confiderably lefs pure than the larger 
Ihoots, being intimately mixed with whatever heterogeneous matter 
the folution may retain, which is generally precipitated towards 
the commencement of cryftallization : I fufped the prediledion 
for this kind of nitre has no better foundation than its being 
more- readily pulverized. The mother-water which oozes from 
the pans is commonly fprinkled on earth intended for generating 
falt-petre ; inftead of this, was the refiner to add to the mixture 
a fmall quantity of wood-afhcs, and repeat the operation of 
cxtrading, he would find it advantageous : He will alfo favc 
confiderably by fubftituting iron boilers and leaden pans to his 
copper ones. 

Charcoal affords few new obfervations. I have tried various 
kinds, with a fcarce perceptible difference in their efFedls, pro- 
vided they were completely charred and equally well pulverized ; 

however, 
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however, on chymical principles, we fhould prefer that made 
from wood containing the greateft quantity of fixed falts, and 
whofe afhes abound with alkaline falts, as fuch inflames more 
rapidly and burns with greater vehemence. Dogwood (cornus- 
fceminea, virga fanguinea) and alder (alnus nigra, baccifera) 
are cfteemed by powder-makers the fitteft for their charcoal j 
but I have not been able to difcover any cogent reafon for 
this preference. Green wood being harder when charred than 
dry, I believe admits of a more complete comminution, and is 
confequently better adapted to that intimate combination of the 
ingredients neceffary for the ftrength and durability of gun- 
powder. I am informed of an improved method lately dif- 
covered for the preparation of charcoal ; it is a kind of oven, 
which admitting the external application of heat, the wood 
piled within is more equally charred and its volatile parts more 
completely evaporated. 

Experience has convinced me that it is of the utmoft impor- 
tance to give an exad attention to the purity of fulphur, the third 
ingredient in the compofition of gun-powder. On this agent de- 
pends that rapidity of inflammation, to which the charcoal con- 
tributes intenfe fire, and the nitre its afl:oniihing elafticity and 
expanfion. 

A MANUFACTURER of gun-powder ought never to ufc ful- 
phur which he has not purified and fublimed himfelf : the beft 
method of doing this is by melting it in an iron pot over a 
gentle coal fire which does not blaise, and ftraining it through 
a double linen cloth 5 the operation muft be repeated till there 
appears little or no rcfiduum. When fulphur is bought in a 

prepared 
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prepared ftate, it is (notwithflanding the low price) frequently 
adulterated with wheat-flour, which in moift or hot climates 
readily induces fermentation, and irrecoverably decompofes the 
powder: I am convinced that inattention to this circumflancc 
is a principal caufe of Britilh gun-powder being lefs durable now 
than formerly. 

The moft eligible proportion of the three ingredients is next 
to be conlidered : and here I muft premifc, that after an accurate 
examination of powder manufadlured according to the moft 
approved pradlices in Europe and Afia, together with the 
numerous variations of the chymifts, I find it beyond my ex- 
perience to give a decided preference, as I have feen them all 
fucceed and fail, changed by the quahtics of the materials, or 
influenced by the temperature of the atmofphere, either when 
the powder was manufa£!ured and barrelled, or when it was 
proved. I would therefore recommend that the proprietors of 
powder-mills fhould manufadure a fmall quantity of powder 
from each frefh afTortment of materials. In doing this the fol- 
lowing canon, which is borrowed from the French pyrotechnifls, 
and eftablifhed by experiments, may be found ufeful : begin with 
3 lbs. of nitre and goz. of charcoal, (this will explode without 
fulphur,) increafe the quantum of charcoal till the moft forcible 
combination of thofe two ingredients is difcovered, which will 
commonly happen at between 120Z. and lib. of charcoal to the 
3 lbs. of nitre; to this procefs let fulphur be added, beginning 
With ioz. till the ftrongeft explofion is found, which will be 
when the proportion of this ingredient to the above is from 
2? to 3i-oz. Finally, let the dofe of charcoal be diminiflied, till 

the 
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the compofitlon no longer gains in the eprouvcttc; this will 
commonly happen when the proportions of the three materials 
Hand as follows ; 

Nitre. Charcoal. Sulphur. 

3 lbs. 8j to 91 oz. 2| to 3ioz. 

The manufadurer may poffibly difcover ftill greater variations 
than I have fiated, as they muft evidently be determined by the 
comparative eKcellence of his materials j but by adopting this 
method of afcertaining their qualities, (however troublefome it at 
iirft appears) I can venture to affirm he will in the end be a 
confiderable gainer. There are various opinions refpeding the 
liquid moft eligible to moiften the ingredients during the procefs 
of preparing them for the mill : urine, vinegar, fpirit of wine and 
water, plain water, have feverally been recommended for this 
purpofe: I have tried them all without being able to eftablifli 
any data on which to found a decifion ; yet the volatile nature 
of fpirits, and the heterogeneous matter to be met with in urine 
and vinegar, feem to point out a preference due to pure water ; 
but as this is warmly contefted, and my experiments exhibited 
no conclufive fuperiority, I will not hazard a determination on 
the fubjc(5l. It was my intention, in this place, to have given 
a formula of the feveral proportions in ufe amongft the different 
powder-makers of Europe and Afia, had I not been deterred by 
the apprehcnfion of fwelling my letter to a volume : I Ihall there- 
fore confine myfelf to China, as that country claims the original 
invention, with fome appearance of probability. Having procured 
fome powder manufadured at Canton, I analyzed two ounces of it, 
and after repeating the operation fix times, the mean refult gave 
the following proportions : 

Nitre. 
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OK. dwts. grs. 
Nitre, - - - i lo o 

Charcoal, - - -060 

Sulphur, - - - o 3 14 

You will obferve a deficiency in weight of 10 grains, probably 
the confequence of fome defed in my procefs, which was, firft 
to weigh the powder, next to leparate the nitre by folution, 
evaporation and filtering ; I then weighed the refiduum of char- 
coal and fulphur combined •, and laftly, I fublimed the fulphur 
by a degree of heat not fufficient to inflame the charcoal, which 
when weighed complearted the operation, producing the aforefaid 
refult ; but as M. Beaume, a French chymift, made a variety of 
experiments to obtain a total feparation of the fulphur from the 
charcoal, and was never able to effed it, -^ part remaining tinited, 
3 grains muft be deduded from the charcoal and added to the 
fulphur to give the accurate proportion of the ingredients. This 
powder was unufually large grained, not ftrong, but I believe very 
durable ; it had been made many years when I got it, yet there 
was no vifible fymptom of decay, the grain being hard, well 
coloured, and though angular (which form commonly generate! 
duft) it was even fized, and in perfed prefervation. 

I NEXT proceed to the moft effcntial and moft neglcded opera- 
tion in manufaduring gun-powder, the combining and incor- 
porating the ingredients. This, if poffible, ihould be performed 
m clear dry weather ; a lowering Iky, and a humid atmofphere, 
being found inimical to that thorough blending of the materials 
which ought to precede their being worked in the mill. Stamp- 

P ing 
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ing-mills were formerly ufed for working gun-powclcr ; their con- 
ftrudion was very fimplc, being a large mortar, in which a pon- 
derous wooden peftle moved by men, by horfes, or by water, 
performed the operation very perfedly, but with obvious danger 
to the workmen. In Sweden, and I belfevc in Ruffia, they fiill 
Continue to flamp the pow<dcr di^ring the firfl part of the proccfs, 
and afterwards roll it under ftones ; by this means leiTening the 
probability of an explofion, as the compofition is Icfs inflam- 
mable in the beginning than when the materials are more inti- 
mately blended. Since government, alarmed by the frequency 
of accidents, thought proper to prohibit ftamping in the ordnance 
mills, this part of the proccfs has been efFeded by means of two 
ftone cylinders applied to the ends of a common axis, and moved 
in a vertical pofition round a circular trough, either by water 
or by horfes. The inferiority of the prcfent pra<fiicc is viiible in 
its operation on the powder, which has certainly degenerated 
both in ftrength and durability fince the abolition of ftamping- 
mills. This may be attributed, firft, to negled in the manu- 
fadurer, who is fatisfied with working his powder fcven or eight 
hours inftead of twenty-four, which was the ufual time when 
ftamping-mills were employed j and, fecondiy, to a radical defc<S 
in the machine, where the circumferences of two fmooth and 
ponderous ftones comprefs the moift pafte into a hard folid cake, 
over which they make repeated circumvolutions with a very 
trifling derangement of the indurated furface, and confequcntly 
without contributing much to the incorporation of the ingre- 
dients. To obviate the firft objedion, it is neccffary that 
government fhould ftimulate the induftry of the merchant, by 

giving 
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giving him a more liberal price for his powder, or (what would 
be of greater national advantage) that the board of ordnance 
fliould take the management of this roanufadlure (as far as is 
requifite for the fupply of the army and navy) into their own 
hands: Whilft it is furnilhed by contrad, and the procefs of 
manufaduring fubjeded to no controul on the part of govern- 
ment, its quality can never be depended on. Towards the clofc 
of laft war the manufadurer was paid thirty fhilUngs, exclufive 
of eighty pounds of falt-pctre, per barrel of powder, containing 
one hundred net pounds ; which, confidering the enormous 
price of nitre at that period, made the full coft to the nation 
about five pounds. Extravagant as this may appear, when we 
combine the high wages of workmen, the danger of explofion in 
the mills, the rilk of rejedlion in the proof, and, above all, the 
irregular dilatory mode of payment in ufe with the ordnance 
board, candour muft oblige us to allow that the merchant's profit 
was moderate indeed. I have been informed by feveral of thofc 
gentlemen, that they certainly could encreafe the ftrength and 
durability of their powder by milling it fome hours longer, but 
that the price given would not indemnify them for the additional 
labour. It is furely unpardonable to negled, and an ill-judged 
CDConfimy to be parfimonious in an article whofe quality may 
determine the event of a conteft, decifive of our exiftence as an 
independent people! ]£ to this ferious confideration wc add the 
expence of re-manufa£luring powder, which, defedive in its ori- 
giaal conftrudian for want of fufficient working, is returned and 
condemned foon after being ilTued (to the entire lofs of the 
charcoal and fulphur) with the fums paid for ftore-houfes, work- 

P 2 men, 
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men, &c. and wc may fafely conclude that a fmall additionasi 
expenditure in the firft inftance, judicioufly apphed, would turn 
out a very efTential public advantage. 

I wiLi, next fuggcft an alteration in the fubftance and con- 
llru€lion of the rollers, which may remedy fome of thofe defeds 
I noted in the procefs of milling : Inftead of marble or granite, 
I propofe that they Ihall be made of caft iron, as well as the 
circular trough in which they move } let the periphery of the 
cylinder be divided into eight equal parts, alternately grooved 
and plain, with two of the fluted divifions having their grooves 
tranfverfe, the other two longitudinal, as in the annexed draw- 
ing, where A reprefents the perfpedivc of the roller, and B is a 
plan of its circumference, fhowing the difpofition of the compart- 
ments and the diredion of the grooves ; thefe grooves fhould be 
an inch in breadth and a quarter of an inch in depth, with 
their angles rounded off; the trough mnft continue fmooth, as in 
the prefent pradice. The efled propofcd from this conftrudion 
is, that the alternations of the plain and fluted divifions, when 
the rollers are in motion, will penetrate the fubftance of the 
paftc, producing a more intimate connexion and intermixture of 
the component parts than can poflibly refult from the equable 
and fcarce interrupted progreflion of one fmooth furface over 
another ; by this operation becoming equivalent to many hours 
labour. Where the private manufadtirer is unwilling or unable 
to afford new cylinders, he may break the continuity of the pafle, 
by affixing a fmall but weighty harrow, with copper teeth, to the 
axis of the roller, and following its diredion in the trough. Should 

iron 
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iron cylinders be objcdled to as dangerous, they may be fhod 
with brafs, which will be found fufliciently hard for this purpofe. 
I miift, however, obferve, that the former are already ufed in 
feveral mills ; and intelligent powder-makers allow, that acci- 
dental explofions are moft frequently produced by the collifion 
of chips which break from the edges of (lone rollers. I am 
aware of one plaufible objedion to fluted cylinders ; the pafte, 
if very moift, may adhere to the grooves ; but this I think will 
be prevented by the application of oil to the fluted furfaces in 
fuch fmall quantities as fliall not injure the compofition. 

Before I difmifs this part of my fubjed I will hazard pro- 
pofing another alteration in the conflrudion of powder-mills ; it 
is Amply working four rollers m the Ja?ne trough inftead of two. 
Where water is the moving power, the coft of additional mecha- 
nifm will appear trifling, if oppofed to the time and labour 
obvioufly faved by the adoption of this idea. 

I WILL not prolong a tedious, and I fear a tirefome difl!er- 
tation, by introducing a minute detail of the proceffes of granu- 
lating and drying powder, but content myfelf with obferving 
that the firfl is performed by a horizontal wheel, on which are 
fixed circular fleves, with parchment bottoms, perforated to the 
largell intended fize of the grain ; in thofe fieves the pafte is 
depofited, and with it (in each of them) a fmall oblate fpherical 
piece of lignum-vitae, which being moved about the fieve by the 
adion of the wheel, breaks the compofition, and forces it 
through the parchment bottom into veflxsls placed for its recep- 
tion ; 
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tion ; but as this operation leaves the powder in grains of various 
dimenfions, it is forted by being paffed through vfire fcreens 
of progre/Rve reticulations. Powder is commo-nly dried in an 
apartment, three fides of which are furnifhed with ledged fhelves 
containing the conipofition, and the fourth is occupied by a large 
iron Hove, which projeds into the room, but is heated from 
■without. This apparatus is very faulty in many refpeds, but 
more particularly in not diffufing an equal heat ; an amendment 
has been attempted, by carrying flues round the drying room, 
filled with heated fteam ; however the change has been little, if 
at all, for the better. Perhaps a circular room, with a fpherical 
flove ia the centre, might communicate a more equal degree of 
liceity to the compofition. 

I WILL next fubmit to your lordfliip's examination fome gene- 
ral obfervations, feleded from thofe which occurred during the 
courfe of my experiments on gun-powder. The powder returned 
by the navy and garrifons as unferviceable was depofited in the 
magazine at Purfleet, where that which fiill retained its grain 
was feparated from the duft ; and if two drachms of it, when 
tried in the vertical eprouvette, had fufficient ftrength to project 
a fuperincumbent weight of twenty-two pounds to the height of 
three inches and five-tenths, it was again iflued, for fervice ; but 
this happening very rarely, fuggefted a doubt, that by abflrading 
the duft, our powder was deprived of its principal ingredient ; 
this conjedure I eftablifhed by repeated experiments in the ver- 
tical and mortar eprouvettes, as the duft (though varying in 
degree) almoft always exhibited fuperior ftrength to the granu- 
lated 
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lated powder from which it had been feparated. The phasno- 
menon remained to be accounted for; this was efFeded by an 
accurate examination of powder in its damaged ftate, when with 
the afliftance of a convex- lens I difcovered a new cryflaUization 
of the nitre (called by powder- makers the flarting of the petre) 
which having been partially diflblved, fhot its minute falts to 
the furface of the grain, where they appeared like the fpiculae of 
hoar-froft, 'till broken and detached by the attrition produced in 
moving the powder, they were converted into that duft, which 
confequently contained the effence of the compofition. The 
eprouvette experiments were corroborated by the lefs falla'cious 
teftimony of analyzation, and this erroneous pradice correded. 
The foregoing obfervations muft, however, be applied to fuch 
powder only as though injured, in part retains its grain. When 
it is fo far damaged as to cake, the cryftallization of the nitre 
being more compleat, and its fhootings larger, they adhere more 
tenacioufly to the lumps, or when broken off are prevented by 
their magnitude from that intimate admixture with the fulphur 
and charcoal duft which is effential to forcible explofion ; all 
attempts to renovate powder, when thus far decompofed, are 
nugatory, and can only be didated by ignorance or fraud ; it 
fliould be immediately transferred to the extrading houfe. The 
ftrength of new powder is not diminiflied by reducing it to duft, 
but rather increafed, a fecret well underftood by powder mer- 
chants, who mix duft in fmall quantities with that powder they 
apprehend will not rife to proof. It was formerly the pradice of 
government to manufadure their powder as fmall in the grain 
as that made at Dantzick or Battle is at prefent ; whether the 

large 



[ «" 3 

large corned powder now ufed merits a preference, appears to 
me problematical ; the grain of the Chinefe powder I before- 
mentioned was as large as fmall pepper- corns ; and in 1782 I 
difcovered at Purfleet fome barrels of very frriall-grained powder, 
manufadured by Sir Polycarpus Wharton, furveyor of the ord- 
nance in Charles the Second's reign ; a part of this powder was 
above proof, and none of it much under ; the whole retained its 
grain, and was in compleat prcfervation. It may not be impro- 
per to remark, that during the aforefaid reign, and for fome time 
after, moll of the nitre ufed in England was colleded in the 
country ; and, if I am not miftaken, there ftill exift a£ls of par- 
liament, granting the crown the foil of fliamhlcs and flaughter- 
houfes, and the earth under the flooring of ftables, bullock- 
hovels, &c. and alfo direding the magiftrates to have tubs 
placed in the ftreets of populous towns, for the colledion of 
urine : From thofe materials there was a fufficiency of nitre 
extracted to fupply the ordinary confumption of government. 
I cannot in this place omit noting the paradoxical peculiarities 
of this extraordinary fofTiI, which, generated by a combination 
of animal and vegetable putrefadlion, exhibits the moft energetic 
antiputrefcent principles ; and, though clafled amongft the coldell 
of the faline genus, is replete with vehement and irreiiftible 
fire! 

Formerly government manufadured three forts of powder, 
viz. mortar, cannon and mufquet. I am of opinion the pradice 
fhould be revived in part, for the following reafon : Sulphur, by 
its pronencfs to fermentation, is probably the ingredient which 
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contributes moft to the dccompofition of powder. Believing 
this pofition, but retaining ibme doubts of its being pradicable 
to produce forcible powder from nitre and charcoal only, I di- 
reded a fmall quantity to be made, and was agreeably furprized 
to find that fifteen pounds of it projeded a thirteen inch fhell 
as far as the befl powder compofed in the ufual manner; from 
hence I conclude that a powder might be made fufficiently ftrong 
(when ufed in quantities above ten pounds) with a much lefs 
proportion of fulphur than the prefent practice admits of. In 
cafes where a fmaller charge is ufed, or where a rapid inflam- 
mation is required, the ufual dofc of fulphur is indifpenfably 
neceflary. 

The procefs of glazing powder is cflcded by attaching caflcs, 
fomething more than half full, to the axis of a water wheel, 
which turning with velocity, the operation is compleated in a 
fhort time by the fridlion of the grains againfl each other. I 
found, from a mean of nc^x Jix hundred tx-penvaentSi that glazing 
powder reduces its flrength about one-fifth if the powder is 
good, and nearly a fourth if of an inferior quality ; this procefs 
being more noxious to the force of bad powder than of good, is 
accounted for, in my opinion, by the greater proportion of duft 
feparated during the operation from the former than from the 
latter, as this refiduum is invariably ftronger than the glazed 
powder from which it has been fcreened. I am confident, how- 
ever, that it would be a wife meafure was government to adopt 
the pradice of glazing all high proof powder, and referving it 
for the garrifons abroad, where it muft remain long in the maga- 
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zine, as powdef o^f thi& dei^rlption retains its grain better, and 
is confequfcritiy riiore durdWc, than wlien unglazed. 

Government powder, raanufadwed at Feverfham, when 
received from the mills, is considerably llronger than either Dant- 
zick or Battle (hooting powtlcr ; and I believe it would continue 
fo, was it fecluded from the adion of the atmofphere, which 
might be efreded by lining the barrels with the thin lead ufed 
for the prefervation of tea j or was it expofed to a free circulation 
of dry air, according to the pradice in Dutch men of war, which 
have an ingenious and fafe meohanifm for ventilating their maga- 
zines, worthy the imitation of the Britifh navy. Frequently re- 
verfing the barrels contributes to the prefervation of powder from 
that fpecies of decompofition induced by the different gravitation 
of the ingredients. In barrelling powder it is of the utmoft im- 
portance to fele£t dry clear weather ; the confequences of inat- 
tention to this material point, have, I fear, been oftencr 7^// 
than Jufpe6ied by our fleets and armies. 

The fizc, fhapc, and colour of the grain in powder are con- 
lidered as indications of its quality j and though I have met with 
good and bad of all forms and colours, yet I am clearly of opi- 
nion that the general preference is due to powder of a moderate 
fizcd and fomewhat fpherical grain, as being leaft apt to generate 
duft, which fhould be carefully avoided, becaufe fubverfive of 
that equal ftrength which ought to be diffufed through the whole 
contents of a barrel, and is in all cafes important to the efficacy 
of artillery, but in mortar practice becomes indifpenfably necef- 
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fary. The colour fhould be a greyifh blue, tinged with red, and 
the texture of the grain firm, but not fo hard as to refift a very 
forcible prefTure from the finger againft a board. I am aware 
that my opinion difagrees with the general ideas of Britifh 
powder-makers, who prefer a dark blue colour, and an angular 
grain, thinking that hue and form fufceptible of the readieft 
inflammation ; but a general dedudion from numerous experi- 
ments has convinced me of their miftake. 

The ftrength of powder is frequently impaired by being too 
precipitately dried 5 this I difcovered on examining fome of the 
rooms appropriated to that operation, where finding the heat 
intenfe, I fufpeded its being fufiiciently powerful to evaporate 
the fulphur, which a clofer infpedion proved to be the cafe, as 
the crevices of the walls and ihelves were filled with flour of 
brimftone fublimed by the action of the fire, from the furface of 
the grains, precifely v/hcre the greateft proportion of this inflam- 
mable principle is required. The acceleration of the drying pro- 
cefs has this farther difadvtantage, that it leaves the powder moift 
in the centre of the grain : I fear this pradice, though every way 
pernicious, is become fo general as to demand the interference of 
government ; the detedio^ of fuch powder is eafy ; for when 
frefti from the drying-houfe it will rife to high proof, but being 
left in the magazine for a month will lower its ftrength at Icaft 
a fourth : And here I muft obfervc, that in times of peace, when 
the demand cannot be very prefling, powder fliould not be proved 
fooner than two months after being manufadured, 
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It was formerly the pradice to load with large quantities of 
powder ; and the abufe extended fo far, that in ordnance of a 
liigher calibre than twelve-pounders, the charge of powder 
amounted to half the weight of the fhot ; the confequence of 
this was, that about a fourth of the powder remained uninflamed, 
which added to the weight of the ball gave a refiftance of 
27 lbs. to be overcome by 9 lbs. of powder, inftead of 24 by 12, 
the fuppofed rejijiance and power. To demonftratc more accu- 
rately the abfurdity of this pradice (which had been already 
reprobated by the beft artillery officers) I cnclofed the vertical 
eprouvette fo as to prevent the efcape of uninflamed powder, 
and after fifty difcharges, in each of which 2 drachms were 
comprefled by a weight of 22 lbs. I collefled above a thirtieth 
part, or 3^ drachms of ftrong and highly inflammable powder. 
The prefent charge is a third of the fhot's weight for heavy, 
and a fourth for light artillery; it would flill admit of reduc- 
tion. 

Salt of Tartar may be introduced as an auxiliary in the 
compofition of gun-powder; it encreafcs the report aftonffliingly, 
but is noxious to ftrength and durability : Government fhould, 
however, give fome attention to this matter, as a powder might 
be manufadured, a fmall portion of which would produce a 
tremendous report, and prevent the unneccfTary expenditure of 
that which is ferviceable, in the parade of war where noifc only 
is required. The ftrength of powder is by no means eftabliflied 
by the proof of the vertical eprouvctle, nnlefs corroborated by 
the brafs mortar, which I am informed is conftantly ufed by the 
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gentleman who at prefent fuperintends the manufadory and proof 
of government powder, from whofe acknowledged abilities I 
prognofticatc confiderable improvement in this valuable compo- 
sition, which, though become efTcntial in war, and of confcquent 
importance in commerce, affords ample room for melioration. 

I WILL no longer trefpafs on your lordfhip's attention, but 
fubmit this paper to your entire difpofal, confcious that it has 
more to hope from the partiality of friendfhip, than to claim from 
the juftice of fcience. 

I have the honour, &c. 



